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Abstract: 3
Caffeine has been observed to improve performance of high-intensity and endurance 4 exercise, but its effects on passing accuracy and reactive agility seen in intermittent 5 high intensity team sports such as rugby and hockey are unclear. The purpose of this 6 investigation was to determine the effect of ingesting caffeine on passing accuracy 7 and agility speed before and after a simulated rugby protocol (SRP). Nine male 8 amateur rugby union players volunteered to participate in the study. The first visit 9 participants undertook the multistage fitness test to determine estimated maximal 10 oxygen consumption levels. On the second and third visits, a passing accuracy test 11 (PAT) was undertaken which involved a modified reactive agility speed test that 12 pressured the participants to pass into a target at the end of each run pre and post the 13 40 minute SRP. Participants ingested either 6mg.kg.bw -1 of caffeine (CAF) or a 14 placebo (PL) 60 minutes prior to the start of the SRP. CAF maintained sprint speed 15 after the SRP whereas it decreased during PL trial. However, there were no effect of 16 CAF on PAT scores (p >0.05) nor was there an effect on RPE (p >0 athlete's reaction agility time, decision-making and movement time [10, 18] . The 88 purpose of this investigation was to determine the effect of caffeine ingestion on 89 rugby passing skill execution and the reaction agility time before and at the end of 90 simulated 40-minute rugby half. 91
Methods: 93

Participants: 94
Nine male amateur rugby union players who competed in the British Universities 95
and Colleges Sport league and trained for rugby at least four times a week 96 participated in the study. All participants were right hand dominant (mean ±SD age 97 22.4 ±1.8 yrs, mass 81.7 ±9.0 kg, height 1.8 ±0.1m and estimated VO2max 51.5 ±2.1 98 ml.Kg.min -1 ). Their daily caffeine intake was estimated from a 3-day dietary recall 99 and was below 300 mg.day -1 . All participants were given written information 100 concerning the nature and purpose of the study, completed a pre-participation 101 medical screening questionnaire and gave written consent prior to participation. A 102 post hoc statistical power analysis was conducted using the Hopkins method using 103 G*Power software, and it was found that the sample size was sufficient to provide 104 more than 80% statistical power. University Ethics Committee approval for the 105 study's experimental procedures was obtained and followed the principles outlined 106 in the Declaration of Helsinki. 107 108
Design: 109
The current investigation incorporated a double blind randomized cross over design; 110 with all participants performing a multistage fitness test to estimate maximal oxygen 111 uptake (VO2max) prior to data collection. This allowed for estimation of the 112 participants VO2max and their maximum heart rate in order to determine relative 113 intensity during the experimental trials. The participants then completed two 114 experimental trials separated by a week, where they either consumed 500ml of sugar 115 free fruit juice with 6mg.kg. Table 2 ). There was also a significant main effect for 215 time (F1,8=12.903, p=.007, η 2 =.680), with a greater total score post SRP for both 216 CAF (9 ±1) and PL (8 ± 1) compared to pre (6 ± 2 and 5 ± 2 for CAF and PL 217 respectively). 218 219
Left Hand 220
There was a significant main effect for time on the left hand PAT score (F1,8=10.89, 221 p=.013, η 2 =.558), with skill score greatest post SRP in both trials (4 ±1 and 5 ±1 for 222 PL and CAF respectively) compared to pre (2 ±1 and 3 ±2 for PL and CAF 223 respectively; Table 2 ). There was also a main effect for condition (F1,8= 11.256,p=.010, η 2 =.585) with CAF producing greater PAT scores ( There was a tendency for a significant interaction between time and condition for 238 The purpose of this study was to investigate the effect of pre-match ingestion of 258 caffeine (6-mg.kg.bw -1 ) on rugby passing accuracy pre and post a simulated rugby 259 protocol. A secondary aim was to examine whether the effects of caffeine could 260 improve reactive agility time while performing the passing accuracy test. Such 261 effects were observed for PAT (time to complete) as there was a slowing of sprint 262 speed during the PL trial, whereas there was no change during the CAF trial. PAT 263 scores increased post SRP in both conditions with no differences between CAF and 264 PL suggesting caffeine had no effect on passing accuracy. others demonstrating no effect [10,16,30,34-38]. There are many differences in the 313 testing protocols which could have resulted in these conflicting results. In the 314 present study there was no difference in RPE between conditions, and this may due 315 to the RPE scale not being sensitive enough to detect changes in perceived exertion 316 while participants work at high-intensity exercise during the fatiguing protocol. Also 317 it has been reported by Schneiker et al.[16] and Woolf, Bidwell and Carlson [38] that 318 subjects had achieved more work despite similar perceived exertion with placebo 319 group after caffeine ingestion. This is in agreement with the present study since the 320 subjects performed better after ingesting caffeine, while there was no difference in 321 RPE during the fatiguing protocol. This could be due to the caffeine's effect to 322 dampen perceived exertion during high-intensity exercise protocol [1] . In addition 323 there were no differences in HR during the SRP between trials which along with the 324 RPE data suggests that the differences in PAT performance was not due to 325 differences in fatigue from the SRP. Finally, the mean HR in the present study was 326 135.4 ± 9.19 beats.min -1 for CAF and 132.5 ± 6.9 beats.min -1 for PL which are 327 similar values to those determined by Morton [39] during a rugby match. This 328 suggests that the SRP simulated the intensity of a rugby match and the intensity was 329 similar in both trials. 330
In conclusion, caffeine can be a valuable performance enhancer that exhibited effects 332 on simulated intermittent-high-intensity team sport performance; where ingesting 6-333 mg.kg.bw -1 of caffeine before 60 minutes of a 40-minute simulated rugby fatiguing 334 exercise protocol prevented a decrease in reactive agility speed test but had no effect 335 of passing accuracy. This observed improvement in reactive agility speed after the 336 SRP is an indicator that rugby athletes will most likely be more aroused, alert and 337 attentive in the 2 nd half of the rugby match. This may be a helpful indicator for 338 athletes who play rugby, football, hockey, basketball and tennis to ingest caffeine. 339
However, it must be noted that there are inter-individual responses to caffeine with 340 some individuals being responders and others being non responders which may 341 affect whether it is ergogenic in its effect. In addition, there are potential negative 342 side effects such as tachycardia which can negatively impact on performance. As 343 with any ergogeinc aid, an athlete is best to try it in training before competition. 344
Caffeine's mechanisms are still vague, the suggested advantages of caffeine are that 345 it can affect several processes in the central nervous system in order to reduce fatigue 346 with reactive agility speed sprints and enhancing the cognitive -complex processing 347 for high motor skill execution such as passing rugby balls, hitting balls, or shooting 348 for goals with accuracy during a match play. 349
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